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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N___ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Possible 3.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to measure connectivity between brain regions, based on changes in their distributed activity patterns over time. (Intro)
This is accomplished by first removing (Video editor, add left arrow and text “motion”) motion and (Video editor, add right arrow and text “global signal”) global effects from the fMRI signal. (P1)
The second step is to select a seed region. (P2)
Video editor, show the brain first, then add the red cube and arrow.

Next, multi-voxel pattern (Text overlay: MVP: multi-voxel pattern) discriminability is calculated for each time-point, for the seed region and each searchlight or region-of-interest. (P3)
The final step is to correlate the discriminability time-series of the seed region with each searchlight. (P4)
Ultimately, informational connectivity is used to reveal connectivity between regions that have information contained across patterns of voxels. (P5)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Marc: The main advantage of this technique over existing methods, like functional connectivity, is that it detects connectivity changes during conditions that cannot be distinguished by a region’s overall response, but can be detected through unique multivariate signatures. 
1.2. Marc: I first had the idea for this method, after realizing that many typical connectivity approaches are likely ignoring information that is only held in multi-voxel patterns, just as we now know that a traditional univariate analysis of fMRI data is blind to conditions that differ by subtle changes in multi-voxel patterns.

Protocol (read by voice talent at JoVE):

2. Prepare the fMRI data

2.1. To begin this procedure, remove the motion and mean white matter signals from the time series of pre-processed fMRI data by creating a regression model with predictors for motion parameters and mean white matter signal.  Then, conduct the following analyses on the resulting residuals. 
2.1.1. MED-over the shoulder:  Talent clicking the button on the computer monitor to open the software. 

2.1.2. LAB_MEDIA:  51226_Coutanche_Mov 1
2.2. Import the generated residuals into an analysis package, such as MATLAB or Python, using, for example, the open source Informational Connectivity MATLAB Toolbox (Text overlay: Refer to the accompanying manuscript for details). 

2.2.1. LAB_MEDIA:  51226_Coutanche_Mov 2. Text overlay: Refer to the accompanying manuscript for details.
2.3. After that, transform each voxel’s time series to Z-scores. 
2.3.1. LAB_MEDIA:  51226_Coutanche_Mov 3
2.4. Separate the dataset’s time-points into independent sets, such as different scanner runs. 
2.4.1. LAB_MEDIA:  51226_Coutanche_Mov 4
2.5. Then, create a record of the condition labels associated with time-points by generating a vector of condition labels that is N time-points long.
2.5.1. SCREEN MED-over the shoulder:  A screen movie to show that a vector of condition labels that is N time-points long is being generated. {This might need to be swapped out for a simple animation of (condition) numbers appearing on the screen in a row if the shot does not look right}.
2.6. Shift the condition labels forward in each run by a number of times-to-repetition (Text overlay: TRs: times-to-repetition) equivalent to 5 seconds in order to account for the hemodynamic lag between events and recorded fMRI signals.
2.6.1. SCREEN MED-over the shoulder:  A screen movie to show that the condition labels are shifted forward in each run by a number of times-to-repetition equivalent to 5 seconds. Text overlay: TRs: times-to-repetition. {This might need to be swapped out for a simple animation of the condition numbers being moved to the right if the shot does not look right}
3. Select and analyze a seed region 

3.1. To select a seed region, isolate an anatomical area through selecting voxels in your preferred software or with a labeled atlas, functionally localizing a region, or selecting a top-performing ‘information brain mapping’ searchlight.
3.1.1. MED-over the shoulder:  Talent colors the relevant region on the computer monitor.
3.2. Then, compare the MVP of each time-point to a prototypical MVP for every condition using the open-source Informational Connectivity MATLAB Toolbox.

3.2.1. MED-over the shoulder:  Talent downloading and then clicking/ opening the Informational Connectivity MATLAB Toolbox.
3.3. Calculate a prototypical MVP for every condition by averaging the time-points of each condition in all-but-one fold. 
3.3.1. LAB_MEDIA:  51226_Coutanche_Mov 5 (00:14 to 00:18)
3.4. Next, correlate every time-point’s MVP with the mean-MVP of each condition from the training data.  This will give every time-point one correlation value for each condition.  Note that the condition with the highest correlation here would be the prediction of the popular correlation-based MVPA (Text overlay: MVPA: multi-voxel pattern analysis) classifier. 
3.4.1. LAB_MEDIA:  51226_Coutanche_Mov 6.  Text overlay: MVPA: multi-voxel pattern analysis.
3.5. Afterward, quantify ‘MVP discriminability’ for each time-point by first identifying the correlation that represents the relationship between the time-point’s MVP and the mean-MVP of that time-point’s condition. Then, subtract the highest of the remaining correlations.  The result is each time-point’s MVP discriminability. 
3.5.1. LAB_MEDIA:  51226_Coutanche_Mov 7
4. Calculate a time series of MVP discriminability for each searchlight

4.1. To conduct a searchlight analysis, place a three-dimensional cluster around each voxel in turn.
4.1.1. LAB_MEDIA:  51226_Coutanche_Mov 8 (00:00 to 00:06).  
4.2. Repeat the previous steps for each searchlight, so that every searchlight has a time series of MVP discriminability values.
4.2.1. LAB_MEDIA:  51226_Coutanche_Mov 8 (00:06 to 00:09).
5. Calculate IC between the seed and searchlights and a group statistical map
5.1. Now, correlate the seed’s MVP discriminability time series with each searchlight’s discriminability time series using Spearman’s Rank correlation.  The resulting rs value is the IC (Text overlay: IC: informational connectivity) between the seed and searchlight.
5.1.1. LAB_MEDIA:  51226_Coutanche_Mov 8 (00:10 to 00:15).  Text overlay: IC: informational connectivity.
5.2. Then, assign each searchlight’s IC value to the searchlight’s central voxel and write out the resulting individual’s brain map.
5.2.1. LAB_MEDIA:  51226_Coutanche_Mov 8 (00:16 to 00:18).  

5.2.2. LAB_MEDIA:  51226_Coutanche_Mov 9 (00:00 to 00:01; first image)

NOTE: We collected a few over the shoulder shots (b-roll) of me scrolling through the results (the video where you can see colors on top of a brain on the computer screen). This could be a good place for it. 
5.3. If the data are not already in standardized space, transform the participants’ IC maps into the same space.  Optionally, smooth the individuals’ searchlight maps.
5.3.1. LAB_MEDIA:  51226_Coutanche_Mov 9 (00:02 to 00:11)
6. Results:   Using informational connectivity to measure the synchronous emergence of fMRI multi-voxel information across time
6.1. This figure shows the examples of MVP discriminability in two regions with synchronous MVP discriminability (Text overlay: i.e., informational connectivity) without synchronous mean activation (Text overlay: i.e., functional connectivity). These data-points were collected while the subject viewed visual presentations of man-made objects, which are distinguishable by multi-voxel patterns, but not mean responses.

6.1.1. LAB_MEDIA:  51226_Coutanche_Figure 2. Text overlay: i.e., informational connectivity. Text overlay: i.e., functional connectivity.
6.2. And shown here is an example of the IC and FC (Text overlay: FC: functional connectivity) values between a seed in the left fusiform gyrus and searchlights across the brain.  The Informational and functional connectivity strengths are indicated on the z-axes (Video editor, add the colorful column in the center), with respect to each searchlight’s mean response on the x-axis, and MVPA classification accuracy on the y-axis. The top left corner of the IC graph shows informationally connected searchlights with high classification performance but low mean response levels. The gap in the top left corner of the FC graph shows that these connected searchlights are not being detected in a typical FC approach. 
6.2.1. LAB_MEDIA:  51226_Coutanche_Figure 3
6.3. Here is an example of the connectivity maps. Each row shows the regions that are significantly connected to a seed (Text overlay: shown in blue).  Significance is determined by a group t-test with minimum cluster size from permutation testing.  The IC results are displayed here using AFNI (pronounce: AF-nee) (Text overlay: AFNI: Analysis of Functional NeuroImages) on surface maps produced with FreeSurfer.

6.3.1. LAB_MEDIA:  51226_Coutanche_Figure 4 (Video editor, use left panels under title “Informationally connected regions”).  Text overlay: shown in blue.  Text overlay: AFNI: Analysis of Functional NeuroImages.

7. Conclusion (said by authors on camera)

7.1. Marc: Following this procedure, other analyses like functional connectivity can be performed in order to answer additional questions, such as whether the regions are uniquely connected at the multi-voxel level, or if they also have synchronous mean responses.

7.2. Marc: After watching this video, you should have a good understanding of how to measure connectivity between brain regions based on their multi-voxel patterns.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

See above for placements of provided videos and images.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.

( 2011, Journal of Visualized Experiments


